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(54) Probe and information recording/reproduction apparatus using the same 



(57) A probe comprises a cantilever (109) having a 
movable end and formed from an elastic body, an elec- 
trocoductive sensing needle (1 10) arranged at the mov- 
able end of the cantilever, and a field effect transistor 
(T 1f 106, 107, 108) arranged at the movable end of the 
cantilever and having a gate electrode (106) electrically 
connected to the electrocoductive sensing needle. The 
probe may further comprises another field effect transis- 
tor O2) formed on the cantilever and having its drain 
(D2) electrically connected to said electrocoductive 
sensing needle. An information recording/reproduction 
apparatus using the probe is provided. A method of 
manufacturing a probe comprises steps of preparing a 
substrate (101,102,103) at least having a semiconduc- 
tor layer on the surface, forming a field effect transistor 
having a gate electrode (106) in the semiconductor 
layer, forming an electrocoductive sensing needle 
(1 1.1 10) on the gate electrode (106) and processing the 
substrate to produce a movable end (109) out of the 
portion thereof where the field effect transistor is 
formed. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] This invention relates to a probe to be used lor 
high density information recording/reproduction by 
applying the principle of the scanning probe microscope 
(SPM). It also relates to an information recording/repro- 
duction apparatus comprising such a probe. 

Related Background Art 

[0002] The scanning tunnelling microscope (STM) 
and the atomic force microscope (AFM) are two typical 
types of microscope that can be used to observe the 
surface condition of a specimen with a level of resolu- 
tion good for seeing atoms. 

[0003] The operation of STM is based on the following 
principle. As a sensing needle electrode that is a metal 
needle is brought close to the surface of an electroco- 
ductive specimen to make them separated from each 
other by a distance less than tens of several angstroms 
and a voltage is applied between the sensing needle 
electrode and the specimen, a tunnelling current flows 
therebetween. The tunnelling current sensitively reacts 
to the distance between the sensing needle electrode 
and the surface of the specimen. In the STM, a feed- 
back control mechanism is activated to regulate the dis- 
tance between the sensing needle electrode and the 
surface of the specimen in order to maintain the tunnel- 
ling current to a constant level, while the sensing needle 
is driven to two-dimensionally scan the surface of the 
specimen. The locus of the tip of the sensing needle can 
be imaged by mapping the feedback control signal in 
synchronism with the two-dimensional scanning opera- 
tion while maintaining the tunnelling current to the con- 
stant level. If the physical properties of specimen are 
invariable on the entire surface thereof, the imaged 
locus can be regarded as reflection of the surface prof fle 
of the specimen. A piezoelectric element is normally 
used to regulate the distance between the sensing nee- 
dle electrode and the surface of the specimen and the 
scanning operation of the sensing needle electrode. 
[0004] On the other hand, the operation of AFM is 
based on the following principle. As a sensing needle 
having a sharp tip is brought very close to the surface of 
a specimen, the tip of the sensing needle is subjected to 
the force of atoms on the surface of the specimen. If the so 
sensing needle is supported by an elastic body, the 
atomic force that the tip of the sensing needle receives 
from the surface of the specimen can be expressed in 
terms of the displacement of the elastic body. In the 
AFM, a feedback control mechanism is activated to reg- 55 
ulate the distance between the sensing needle and the 
surface of the specimen in order to maintain the dis- 
placement to a constant level, while the sensing needle 



is driven to two-dimensionally scan the surface of the 
specimen. The surface profile of the specimen can be 
imaged by mapping the feedback control signal in syn- 
chronism with the two-dimensional scanning operation. 
A cantilever is normally used for the elastic body. A can- 
tilever is usually displaced only to a very small extent 
and the displacement is detected by shooting the canti- 
lever from the back by means of a laser beam and 
detecting the displacement by way of the angle of 
deflection of the reflected beam or by arranging an STM 
behind the cantilever and detecting changes in the tun- 
nelling current of the STM. In the case of the AFM, a 
contact mode of operation of driving the sensing needle 
that is held in contact with the surface of the specimen 
by a small force is feasible so that the surface profile of 
the specimen can be imaged directly from the displace- 
ment of the elastic body (the deflection of the canti- 
lever). In other words, in a contact mode of operation, 
the distance between the sensing needle and the sur- 
face of the specimen is constantly nil and hence does 
not require the use of a feedback control mechanism so 
that the surface can be observed by means of a high 
speed scanning operation. If an electrocoductive sens- 
ing needle electrode is used for the sensing needle of 
the AFM, it is possible to observe the distribution of 
electric conductivity on the surface of the specimen 
while observing the surface profile. 
[Q005] Both the STM and the AFM are characterized 
in that they can be used to directly observe the surface 
of a specimen by utilizing the interaction of the tip of the 
sensing needle and the surface of the specimen that are 
held very close to each other. Various microscopes 
have been developed on the basis of the interaction 
other than that of tunnelling current or force. Such 
microscopes are generically referred to as scanning 
probe microscopes. 

[0006] In recent years, information recording/repro- 
duction apparatus have been developed by utilizing the 
SPM in order to write information on a minute area of 
the surface of an object and read the information there- 
from. For example, T. R. Albrecht, M. M. Dovek, M. D. 
Kirk, C. A. Lang and C. F. Quate, Appl. Phys. Lett, 5, 
1727 (1989) describes a research on applying a pulse 
voltage of 3 to 8V and 100ms to a cleavage plane of 
graphite to produce a hole with diameter of 40A and a 
depth of 7A there and observing the hole through an 
STM. 

[0007] Researches have been made on a technique 
of densely recording information on a thin film by locally 
modifying the electric conductivity of the material of the 
thin film and reproducing the recorded information. For 
example, K. Takimoto, R. >fano, K. Hatanaka, K. Eguchi 
and T Nakagiri, OYO BUTURI 63, 470, (1994) 
describes a research on applying a pulse voltage to an 
LB film showing a very low electrodoncutivity by way of 
a sensing needle electrode to produce on it an area with 
a diameter of about 1 0nm where an electric current eas- 
ily flows and using it as a bit for recording information. 
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[0008] Similarly, there has been disclosed a technique 
of recording information by applying a pulse voltage to 
the SiN/Si0 2 interface of an SiN/Si(VSi multilayer 
structure by means of a sensing needle electrode and 
implanting and storing an electric charge there and 5 
reading the recorded information by utilizing changes in 
the electrostatic capacitance there. 
[0009] Additionally, there is also know a technique of 
recording information by applying a pulse voltage to a 
ferroelectric thin film to locally invert the spontaneous 10 
polarization of the thin film and reproducing the 
recorded information by directly detecting the electro- 
static force between the site of spontaneous polariza- 
tion and the sensing needle electrode. With this 
technique, it is also possible to read the recorded infer- 75 
mation by detecting changes in the electrostatic capac- 
itance there or the displacement of the medium due to 
the piezoelectric effect. 

[0010] These and other techniques are expected to 
make H possible to record information very densely. 20 
[001 1 ] When reading the information recorded by uti- 
lizing local changes in the electric conductivity of a 
recording medium, changes in the electric current flow- 
ing between the medium and the sensing needle elec- 
trode are detected. In order for the information 25 
reproducing operation to be conducted at high speed, it 
will be desirable to drive an AFM comprising an elec- 
trocoductive sensing needle in a contact mode and con- 
currently detect the electric current flowing between the 
medium and the sensing needle electrode. In practice, 30 
the wire extending from the sensing needle electrode or 
the medium is led to a current amplifier for current/volt- 
age conversion. 

[001 2] However, the above described known arrange- 
ment is accompanied by the following problems. 35 

(1) When the recording density is raised, the area 
assigned to a recording bit to be written is inevitably 
reduced. When scanning and reading such a bit at 
high speed, the total electric charge flowing into the ao 
sensing needle from the recording bit will also be 
reduced. As a result, it is difficult to detect the bit 
with an enhanced level of contrast On the other 
hand, any attempt for improving the bit detecting 
sensitivity will reduce the speed of reproducing 45 
information. 

(2) In view of the fact that the stray capacitance pro- 
duced by the wire connecting the sensing needle 
electrode or the recording medium and the current 
amplifier can reduce the bandwidth of the current so 
amplifier, the length of the wire should be minimized 

to minimize the stray capacitance in order to realize 
a high speed reproduction of information. However, 
any attempt for reducing the length of the wire 
encounters a limit so long as an ordinary current ss 
amplifier is used. 

[0013] On the other hand, in the case of recording 



information by storing an electric charge or inverting the 
spontaneous polarization, it is desirable to drive the 
AFM in a contact mode in order to realize a high speed 
scanning operation. However, it is highly difficult to 
directly detect the electrostatic force in a contact mode. 
In the case of detecting changes in the electrostatic 
capacitance or in the displacement of the recording 
medium as a result of piezoelectric effect, it is neces- 
sary to detect the response of the electric current or that 
of the displacement of the elastic body to an application 
of an AC voltage. 

[001 4] In the former case, the use of a complex detec- 
tion system is required for lock-in detection and a prob- 
lem of a reduced bandwidth arises due to a stray 
capacitance as in the case of directly detecting the elec- 
tric current (see problem (2) above). 
[0015] In the latter case, a frequency lower than the 
resonance frequency of the elastic body has to be used 
for the AC voltage to be applied to consequently give 
rise to a new restriction on the scanning speed to a sig- 
nificant disadvantage for a high speed information 
reproducing operation. 

SUMMARY OF THE INVENTION 

[0016] Therefore, it is an object of the present inven- 
tion to solve the above identified problems of the known 
techniques by providing a probe adapted to reproduce 
information at high speed with an improved bit detection 
sensitivity even recording bits are highly densely forme 
d. Another object of the present invention is to provide 
an information recording/reproduction apparatus com- 
prising such a probe. 

[0017] According to an aspect of the invention, the 
above objects are achieved by providing a probe com- 
prising: 

a cantilever having a movable end and formed from 
an elastic body; 

an electrocoductive sensing needle arranged at the 
movable end of said cantilever; and 
a field effect transistor arranged at the movable end 
of said cantilever and having a gate electrode elec- 
trically connected to said electrocoductive sensing 
needle. 

[0018] AccorcOng to another aspect of the invention, 
there is also provided a method of manufacturing a 
probe comprising steps of: 

preparing a substrate at least having a semicon- 
ductor layer on the surface; 
forming a field effect transistor having a gate elec- 
trode in said semiconductor layer; 
forming an electroconductive sensing needle on 
said gate electrode; and 

processing said substrate to produce a movable 
end out of the portion thereof where said field effect 
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transistor is formed. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

FIG. 1 is a schematic illustration of a probe accord- 
ing to the invention, showing its basic configuration. 
FIGS. 2A and 2B are equivalent circuit diagrams of 
the probe of FIG. 1. 

FIG. 3 is a schematic block diagram of an informa- 
tion reproduction apparatus comprising a probe 
according to the invention. 
FIG. 4 is a schematic perspective view of a first 
embodiment of probe according to the invention. 
FIG. 5 is a schematic cross sectional view of the 
first embodiment of probe taken along line 5-5 in 
FIG. 4. 

FIG. 6 is a schematic cross sectional view of the 
first embodiment of probe taken along line 6-6 in 
FIG. 4. 

FIGS. 7A, 7B, 7C, 7D, 7E, 7F, 7G and 7H are sche- 
matic cross sectional views of the cantilever of the 
first embodiment of probe, showing different manu- 
facturing steps thereof. 

FIGS. 8A, 8B, 8C, 8D and 8E are schematic cross 
sectional views of the sensing needle of the first 
embodiment of probe, showing different manufac- 
turing steps thereof. 

FIG. 9A, 9B, 9C, 9D, 9E and 9F are schematic 
cross sectional views of the first embodiment of 
probe, showing different steps of bonding the sens- 
ing needle onto the cantilever. 
FIG. 1 0 is a schematic perspective view of a second 
embodiment of probe according to the invention. 
FIG. 11A, 11B, 11C, 11D, 11E, 11F and 11G are 
schematic cross sectional views of the second 
embodiment of probe, showing different manufac- 
turing steps. 

FIG. 12 is a schematic perspective view of the 
sensing needle of the second embodiment of 
probe, showing how it is formed. 
FIG. 13 is a schematic illustration of the principle of 
preparing the sensing needle of the second embod- 
iment of probe. 

FIG. 14 is a schematic illustration of a probe 
according to the invention in a different mode of 
realization. 

FIG. 15 is a schematic illustration of an information 
recording/reproduction apparatus comprising 
probes as shown in FIG. 14. 
FIGS. 16A and 16B are a schematic plan view and 
a schematic lateral cross sectional view of a third 
embodiment of probe according to the invention. 
FIG. 1 7 is a schematic perspective view of the tip of 
the third embodiment of probe according to the 
invention. 

FIGS. 18A and 18B are schematic cross sectional 



views of the third embodiment of probe taken along 
lines 18A-18A and 18B-18B in FIG. 17 respectively. 
FIGS. 19A, 19B, 19C. 19D, 19E, 19Fand 19Gare 
schematic cross sectional views of the cantilever of 
5 the third embodiment, showing different manufac- 
turing steps. 

FIGS. 20A. 20B, 20C, 20D and 20E are schematic 
cross sectional views of the sensing needle of the 
third embodiment of probe, showing different man- 
10 ufacturing steps. 

FIGS. 21A, 21 B, 21C, 21 D t 21E and 21F are sche- 
matic cross sectional views of the third embodiment 
of probe, showing different steps of bonding the 
sensing needle onto the cantilever. 

15 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] The recording medium to be replayed by a 

20 probe according to the invention carries binary informa- 
tion recorded on it Therefore, it is sufficient for the 
probe to discriminate "0" from T when reproducing the 
information recorded on the recording medium. While a 
detection system like that of an SPM is used in a probe 

25 according to the invention to detect the interaction of the 
sensing needle and the surface of the specimen, the 
detection system of a probe according to the invention 
is not necessarily required to show a linear relationship 
between the input signal and the output signal. In other 

30 words, it is sufficient for a probe according to the inven- 
tion to comprise at least a detection circuit adapted to 
output a binary signal for a change in the interaction 
exceeding a threshold level that is produced by the 
presence or absence of a recording bit. 

35 [0021] Thus, according to the invention, when a 
recording bit that has been recorded on the recording 
medium as a local change of electric conductivity, the 
presence or absence of a recording bit is converted into 
a difference in the electric potential of the electrocoduc- 

40 tive sensing needle and the channel between the drain 
and the source of the field effect transistor is turned 
ON/OFF or the channel resistance is modulated 
depending on the difference in the gate voltage of the 
transistor so as to output a binary signal corresponding 

45 to the recorded information. 

[0022] With the above described arrangement of the 
present invention, the bit can be detected with a high 
degree of contrast if the total electric charge flowing into 
the sensing needle is reduced. Additionally, since the 

so field effect transistor is arranged very close to the elec- 
trocoductive sensing needle and the sensing needle is 
held in direct contact with the gate of the transistor, the 
wire connecting the sensing needle and the detection 
circuit is made ideally short to minimize the stray capac- 

55 itance therebetween so that the information densely 
recorded on the recording medium can be reproduced 
at high speed without reducing the bandwidth of the 
detection circuit. 
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[0023] If information is recorded by locally inverting 
the spontaneous polarization of the recording medium 
that is made of a ferroelectric thin film, the presence or 
absence of a recording bit, or the presence or absence 
of a stored electric charge or the difference in the orien- 
tation of polarization, is converted into a difference in 
the electric potential of the electrocoductive sensing 
needle or a difference in the orientation of dielectric 
polarization in the electrocoductive sensing needle and 
the channel between the drain and the source of the 
field effect transistor is turned ON/OFF or the channel 
resistance is modulated depending on the difference in 
the gate voltage of the transistor so as to output a binary 
signal corresponding to the recorded information. As a 
result, a simple detection system can be used if com- 
pared with an arrangement for detecting a change in the 
electrostatic capacitance or a displacement of the 
recording medium due to a piezoelectric effect Addi- 
tionally according to the present invention, it is possible 
to reproduce information at high speed because no 
modulation is required. Still additionally, since the field 
effect transistor is arranged very close to the electroco- 
ductive sensing needle and the sensing needle is held 
in direct contact with the gate of the transistor, the wire 
connecting the sensing needle and the detection circuit 
is made ideally short to minimize the stray capacitance 
therebetween so that the information densely recorded 
on the recording medium can be reproduced at high 
speed without reducing the bandwidth of the detection 
circuit 

[0024] In any case, while a field effect transistor to be 
used for the purpose of signal detection takes an area of 
more than 1jim 2 according to any known device forming 
process, the metal-made sensing needle is held in 
direct contact with the gate of the transistor so that the 
spatial resolution of the microscope is dominated by the 
profile of the tip of the sensing needle and a high spatial 
resolution of the order of nanometers is realized. 
[0025] ff a method of bonding a metal thin film formed 
in a recess of a silicon single crystal substrate by way of 
a peeling layer on the metal bonding layer of an elastic 
body under pressure to transfer the prof ie of the recess 
is used, the step of forming a field effect transistor on 
the elastic body and that of forming a sensing needle 
are made independent relative to each other to broaden 
the freedom of designing the arrangement of placing the 
field effect transistor on the elastic body and that of 
forming the f ield effect transistor. 
[0026] Now, the present invention will be described in 
greater detail by referring to the accompanying draw- 
ings. FIG. 1 is a schematic illustration of a probe accord- 
ing to the invention, showing its basic configuration. 
Referring to FIG. 1, the probe comprises a cantilever 
main body 201 made of a p-type semiconductor that is 
typically Si doped with impurities of B, Ga and In and 
having two n-type semiconductor regions 204, 205 that 
are doped with impurities of As, P and Sb. 
[0027] The two n-type semiconductor regions 204, 



205 are used as source (S) and drain (D). In FIG. 1 , ref- 
erence symbol 202 denotes an insulation layer made of 
Si0 2 and used as gate (G) insulation layer. 

[0028] In FIG. 1, reference symbol 203 denotes an 
5 electrocoductive sensing needle typically made of Pt 
(platinum), Au (gold) or W (tungsten). The electrocoduc- 
tive sensing needle 203 is connected to an electrode 
formed on the insulation layer 202 and operate as gate 
with the electrode. Thus, a field effect transistor (FET) is 
w formed from these components. 

[0029] Reference symbol 206 and 207 denote respec- 
tive portions of a thin film adapted to record information 
as a function of a local change in the electric conductiv- 
ity. Reference symbol 208 denotes a substrate of an 
is electrocoductive metal such as Au. Reference symbol 

206 denotes a low conductivity portion and reference 
symbol 207 denotes a high conductivity portion of the 
thin fSm. Voltage V STM is applied between the metal 
substrate 208 and the source S, while voltage V D is 

20 applied between the drain D and the source S. 

[0030] FIGS. 2A and 2B are simplified equivalent cir- 
cuit diagrams of the probe of FIG. 1 , illustrating the volt- 
age applied to the gate G when the electrocoductive 
sensing needle 203 contacts the low conductivity por- 

25 tion 206 and the high conductivity portion 207 respec- 
tively More specifically, FIG. 2A shows an equivalent 
circuit when the electrocoductive sensing needle 203 
contacts the low conductivity portion 206. The low con- 
ductivity portion 206 of the thin film practically does not 

30 conduct any electric current and operates as capacitor. 
If the capacitance of the insulation layer 202 of the gate 
G is C ( and that of the low conductivity portion 206 is 
Cqff when the voltage V STM is applied, the voltage 
applied to the gate G of the FET is expressed by 

35 C 0 ff v sW(Coff+C|). FIG " 2B snows 30 equivalent cir- 
cuit when the electrocoductive sensing needle 203 con- 
tacts the high conductivity portion 207. The high 
conductivity portion 207 of the thin film operates as 
resistor, rf the resistance of the high conductivity portion 

40 207 is Rqn when the voltage V STM is applied, no electric 
current flows through this circuit in a steady state. Thus, 
the voltage applied to the gate G of the FET is 
expressed by V STM . 

[0031 ] Generally, if the voltage V D applied to the drain 
45 D of an n-type channel enhancement mode MOSFET is 
constant, the electric current I flowing between the drain 
D and the source S dramatically increases when the 
voltage V G of the gate G exceeds a threshold value V T . 
Therefore, the voltage V STM should be such that the 
so voltage C 0 ff v stm/(C 0 ff +c i) of the gate G is lower 
than the threshold value V T when the electrocoductive 
sensing needle 203 contacts the low conductivity por- 
tion 206 and the voltage V s of the gate G is higher than 
the threshold value V T when the electrocoductive sens- 
55 ing needle 203 contacts the high conductivity portion 
207. While the above description is made in terms of n- 
type channel enhancement mode MOSFET, a similar 
effect can be achieved according to the invention if a p- 
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type channel MOSFET or a depression type MOSFET 
is used. 

[0032] When information is recorded by storing locally 
an electric charge on a recording medium or by locally 
inverting the spontaneous polarization of the recording 5 
medium that is made of a ferroelectric thin film, the pres- 
ence or absence of a recording bit, or the presence or 
absence of a stored electric charge or the difference in 
the orientation of polarization, is converted into a differ- 
ence in the electric potential of the electrocoductfve 10 
sensing needle or a difference in the orientation of die- 
lectric polarization in the electrocoductive sensing nee- 
dle, which conversion the gate voltage of the field effect 
transistor in the vicinity of the threshold value V T is fluc- 
tuated by, and the channel between the drain and the is 
source of the field effect transistor is turned ON/OFF or 
the channel resistance is modulated depending on the 
difference in the gate voltage of the transistor so as to 
output a binary signal corresponding to the recorded 
information. 20 
[0033] Now, a reproduction apparatus realized by 
applying the present invention will be described by 
referring to FIG. 3. A plurality of probes 1005 are 
arranged in such a way that their respective sensing 
needles 1 004 arranged at the front ends thereof contact 25 
a recording medium comprising an electrocoductive 
substrate 1001 and a recording layer 1002. The sensing 
needle 1004 of each of the probes 1005 is supported by 
a cantilever of an elastic body 1006 that is elastically 
deformed or deflected. The probes are supported by a 30 
common support as integral parts thereof. If the elastic 
constant of the deflecting cantilever 1006 is about 
0.1[NAn] and its elastic deformation is about 1Qim], the 
contact force of the sensing needle relative to the 
recording medium will be about 10~ 7 [N]. 35 
[0034] When operating a reproduction apparatus as 
descrtoed above, an xyz stage 1 008 fitted to the record- 
ing medium 1003 is driven by an xyz drive mechanism 
1007 according to a position control signal from a posi- 
tion control circuit 1013 that is held under control of a 40 
control computer 1014 so that the probes 1005 and the 
recording medium 1003 are three-dimensionally moved 
relative to each other. The positions of the probes 1005 
are directionally regulated in the xy-direction and the z- 
direction so that tips of their sensing needles 1 004 con- 45 
tact the surface of the recording medium 1003 at 
desired respective positions with desired respective lev- 
els of contact force. 

[0035] When the probes 1 005 of a reproduction appa- 
ratus having a configuration as described above are so 
driven to scan the recording medium 1005, the tips of 
the sensing needles 104 of the respective probes 1005 
are constantly held in contact with the recording 
medium 1003. With this contact scanning system of 
scanning the recording medium 1003 by means of the ss 
sensing needles whose tips are constantly held in con- 
tact with the recording medium 1003, the undulations, if 
any, of the surface of the recording medium 1003 are 



absorbed by elastic deformations of the cantilevers 
1006 so that the contact force between the tips of the 
sensing needles 1004 and the surface of the. recording 
medium 1003 is substantially held to a constant level 
and hence the tips of the sensing needles 1004 would 
not damage the surface of the recording medium 1003. 
This system is simple because it does not require the 
use of piezoelectric elements for aligning individual 
probes in the z-direction and hence it is particularly 
adapted to an apparatus comprising a relatively large 
number of probes. Additionally, the probes 1005 can be 
made to scan the recording medium 1003 at high speed 
because they do not require a feedback control mecha- 
nism for controlling them in the z-direction relative to the 
recording medium 1003. 

[0036] The recording layer 1002 of the recording 
medium 1003 is typically made of a material that can 
change the intensity of the electric current running 
therethrough as a function of the voltage applied 
thereto. 

[0037] A specific example of film material that can be 
used for the recording layer 1002 is an LB film (built-up 
film of organic monomolecular film layers formed by the 
Langmuir-BkxJgett technique) made of polyimide or 
SOAZ (squarylium-bis-(6-octylazulene)) as disclosed in 
Japanese Patent Applications La id -Open Nos. 63- 
161552 and 63-161553. With this materials, the electric 
conductivity of the LB film changes (from OFF state to 
ON state) when a voltage (about 5 to 10[V]) exceeding 
a threshold level is applied to the probes-LB film-sub- 
strate to increase the electric current when a bias volt- 
age (about 0.01 to 2[V]) is applied for information 
reproduction. When a recording medium having such a 
recording layer is used, the recorded dots show an elec- 
tric conductivity higher than that of the surrounding 
areas. 

[0038] A second specific example includes amor- 
phous thin fam materials such as GeTe, GaSb and 
SnTe. Any of these materials produces a phase transi- 
tion of amorphous -> crystalline when a voltage is 
applied between the probes-amorphous thin film mate- 
rial-substrate to cause an electric current to flow there- 
through and generate heat. As a result, the electric 
conductivity of the material changes to increase the 
electric current when a bias voltage is applied for infor- 
mation reproduction. 

[0039] A third specific example includes oxidizing met- 
als and semiconductors such as Zn, W, Si and GaAs. 
Any of these materials reacts with moisture adsorbed by 
the surface and oxygen in the atmosphere to produce 
an oxide film on the surface when an electric current is 
made to flow therethrough by applying a voltage to the 
probes-oxidizing metal or semiconductor. As a result, 
the contact resistance of the material surface changes 
to reduce the electric current flowing therethrough when 
a bias voltage is applied for information reproduction. 
When a recording medium having such a recording 
layer is used, the recorded dots show an electric con- 
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ductfvity lower than that of the surrounding areas. A 
material that can locally store an electric charge in the 
recording layer 1001 or locally invert the polarity of the 
recording layer 1001 by applying a voltage thereto may 
also be used for the recording layer. If such is the case, 5 
the recorded information can be reproduced by directly 
detecting the stored electric charge or the polarized 
electric charge or by detecting the change in the electric 
potential on the surface of the recording medium. 
[0040] There are two types of recording medium that w 
can be used with the technique of storing electric 
charges in the recording medium by applying a voltage. 
One is the type of Si nitride layer/Si oxide layer/Si sub- 
strate (NOS) and the other is the type of Si oxide 
layer/Si nitride layer/Si oxide layer/Si substrate (ONOS). 75 
While the two types resemble each other in that electric 
charges are stored on and near the interface of the Si 
oxide layer and the Si nitride layer, the ONOS type can 
more advantageously be used because the bit diameter 
can be reduced for storing an electric charge on and 20 
near the surface and hence bits can be arranged more 
densely. 

[0041 ] Materials that can invert the polarity by apply- 
ing voltage include ferroelectric materials. Examples of 
ferroelectric material include PbTi0 3 . Bi4Ti 3 0 12 , 25 
BaTi0 3 , LiNb0 3 , LiTa0 3 , PZT (lead titanate zirconate),' 
PLZT (lanthanum lead titanate zirconate), VDF/TrFE 
(vinylidene fluoride/ethylene trifluoride) copolymer, 
PVDF (vinylidene polyfluoride) and other ferroelectric 
polymers. Any of these materials may be applied to the 30 
present invention. A recording medium comprises a 
lower electrode layer and an upper ferroelectric layer, of 
which the lower electrode layer may be made of metal 
such as Au or Pt or a semiconductor such as Si. A pulse 
voltage is applied between the probe electrodes and the 35 
lower electrode layer of the recording medium and the 
orientation of spontaneous polarization of the recording 
medium is determined relative to the polarity of the 
pulse voltage to record information when an electric 
field greater than the coercive electric field of the ferroe- 40 
lectric material is applied to the recording medium. 
[0042] Now, the bit recorded on the recording medium 
is reproduced in a manner as described below. A bias 
voltage is applied between the source of each of the 
probes and the recording medium 1003 by means of a 45 
bias application circuit 1010 so that the gate voltage 
may be modulated at the threshold value depending on 
the presence or absence of a recording bit. Then, volt- 
age V D is applied to the drain of each of the probes by 
way of a resistor. The ON/OFF state of the channel so 
between the drain and the source of each of the probes 
produced as a result of modulation depending on the 
presence or absence of a recording bit is converted into 
a change of voltage and output to reproduction control 
circuit 1 01 2. The reproduction control circuit 1012 forms 55 
a reproduction signal on the basis of the obtained volt- 
age signals and outputs it to the control computer. Note 
that the wire leading to each of the probes including the 



drain resistor (1015 in FIG. 3), the reproduction control 
circuit and the bias voltage application circuit may be 
integrally formed on support 1009. While the above 
described reproduction circuit comprises a plurality of 
probes, a reproduction apparatus comprising only a sin- 
gle probe may also feasibly be used for the purpose of 
the present invention. 

[0043] Now, the present invention will be described by 
way of examples. 

[Example 1] 

[0044] FIGS. 4 through 6 illustrate the configuration of 
the cantilever of this embodiment. FIG. 4 is a schematic 
perspective view of the front end of the cantilever. 
[0045] Referring to FIG. 4, there are shown a 5jim 
thick p-type Si single crystal thin f Dm (plane bearing of 
plane (100)) 101, a 1jim thick SD 2 thin film 102 and an 
Si single crystal substrate 103 with a plane bearing of 
plane (100). The Si substrate 103 is 0.5mm thick. The p- 
type Si single crystal thin film 101 is partly projecting 
from the Si substrate 103 to operate as cantilever main 
body 109. The upper surface of the cantilever main 
body 109 is covered by an Si0 2 thin film. Dimensions of 
a length of L=800um, a width of W=200jim and a height 
of d=5jim were selected for the cantilever main body 
109. As a result, a cantilever showing an elastic con- 
stant of about 1.7[N/m] for deflection was obtained. A 
pyramid-shaped sensing needle 110 and a gate elec- 
trode 106 connected to the sensing needle 110 are 
arranged on the front end of the cantilever main body 
109. Both the sensing needle 110 and the gate elec- 
trode 106 are made of gold (Au). The gate electrode 
1 06 is provided at the opposite lateral sides thereof with 
respective windows formed by removing the Si0 2 thin 
film and n-type Si regions 107, 108 were respectively 
formed in the windows. Aluminum electrodes 104, 105 
are fitted respectively to the n-type Si regions 107, 108. 
Thus, a field effect transistor (FET) is formed at and 
near the front end of the cantilever main body 109, 
where the sensing needle 110 and the gate electrode 
106 operate as gate while n-type Si regions 107, 108 
operate respectively as drain and source. FIG. 5 is a 
schematic cross sectional view taken along line 5-5 in 
FIG. 4 and FIG. 6 is a schematic cross sectional view 
taken along line 6-6 in FIG. 4. It will be seen that the n- 
type Si regions 107, 108 were formed in the respective 
windows produced by removing the Si0 2 thin film 112 
and Al electrodes 104, 105 were fitted respectively 
thereto. The gate electrode 106 is arranged on the Si0 2 
thin film 112 and connected to the sensing needle 110. 
[0046] Now, the method of preparing the cantilever 
used in this example will be described by referring to 
FIGS. 7A through 7H. 

[0047] in this example, the substrate is a multilayer 
structure comprising a 0.5mm thick Si crystal substrate 
301 with a plane bearing of plane (100), a ifim thick 
SO2 thin film 302 operating as insulation layer and a 
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5jim thick Si single crystal thin film 303 as shown in FIG. 
7A. Such a structure is referred to as SOI (silicon on 
insulator). In this example, the 5jim thick Si single crys- 
tal thin film 303 on the Si0 2 thin film 302 is a p-type Si 
single crystal thin film doped with boron atoms as impu- 5 
rity. 

[0048] Firstly as shown in FIG. 7B, Si0 2 thin films 304, 
305 are formed on the upper and lower surfaces of the 
SOI by thermal oxidation. 

[0049] Then, as shown in FIG. 7C, window areas are 10 
formed in the Si0 2 thin film 304 by means of photoli- 
thography and etching and phosphor (P) atoms are 
introduced as impurity by means of ion implantation. P 
atoms are accelerated by 50 to lOOkeV and the win- 
dows are exposed to a dose (the number of ion atoms 15 
implanted by 1 cm 2 of the surface of the semiconductor) 
of about 10 13 cm" 2 . Then, the windows are heat treated 
(at 600 to 700°C for 30 minutes) to heaJ the damage to 
the crystal lattice. As a result, n-type Si regions 306, 
307 are produced. 20 
[0050] Then, aluminum is deposited on the Si0 2 thin 
film 304 and the n-type Si regions 306, 307 by evapora- 
tion to produce a thin film 308. Then, a resist layer is 
formed and patterned by photolithography to produce 
resist patterns 309, 310 that correspond to respective 25 
electrode patterns as shown in FIG. 7D. 
[0051] Then, the area of the aluminum thin fflm 308 
not covered by the resist layer is etched out and then the 
resist patterns 309, 310 are removed. Thus, aluminum 
electrodes 31 1 , 312 as shown in FIG. 7E are produced. 30 
[0052] Subsequently, as shown in FIG. 7F, a 0.5jim 
thick silicon nitride film 314 is formed on the rear surface 
of the Si substrate 301 . 

[0053] Thereafter, as shown in FIG. 7G, a resist pat- 
tern is formed for the cantilever main body by photdi- 35 
thography and the Si single crystal thin film 303 is 
etched to form a pattern corresponding to the profile of 
the cantilever by dry-etching. Then, the silicon nitride 
film 314 and the Si0 2 thin film 305 on the rear surface 
are also etched to form a pattern to be used as etching 40 
mask. 

[0054] Finally, as shown in FIG. 7H, titanium Ti and 
gold Au films are formed on the front surface to respec- 
tive thicknesses of 3nm and 50nm and then patterned 
by photolithography and etching to produce a bonding 4s 
layer and a gate electrode 313. 
[0055] FIGS. 8A through 8E schematically illustrate 
steps of forming a sensing needle to be fitted to the can- 
tilever of this example. 

[0056] Firstly as shown in FIG. 8A, a thermal oxide so 
film was formed as protection layer 402 on an Si single 
crystal substrate 401 with a plane bearing of plane 
(100). Then, the protection layer 402 was removed in a 
desired area thereof by a patterning operation using 
photolithography and etching to expose a 6*im square 55 
area of the silicon substrate. Then, the silicon of the pat- 
terned area was etched out by means of etching that is 
anisotropic relative to the crystaJlographic axis, using an 



aqueous solution of potassium hydroxide. More specifi- 
cally, a 30% aqueous solution of potassium hydroxide 
was used with solution temperature of 90°C and the 
duration of the etching operation was 15 minutes. As a 
result, an inverted-pyramid-shaped recess 403 sur- 
rounded by four planes, each being equivalent to plane 
(111), and having a depth of about 4jim was produced. 
[0057] Then, as shown in FIG. 8B, the thermal oxide 
film of the protection layer 402 was removed by means 
of an aqueous solution of a mixture of hydrofluoric acid 
and ammonium fluoride (HF:NH 4 F=1 :5). Thereafter, the 
substrate 401 was washed with a mixture solution of 
sulfuric acid and hydrogen peroxide heated to 120°C 
and a 2% aqueous solution of hydrofluoric acid. Then, 
the substrate 401 was heated in an atmosphere of oxy- 
gen and hydrogen to 1 ,000°C in an oxidizing furnace to 
deposit silicon dioxide by 400nm for a peeling layer 404 
as shown in FIG. 8C. 

[0058] Subsequently, a sensing needle 406 was 
formed there. Firstly, as shown in FIG. 8D, a gold Au film 
was formed to a thickness of 300nm by vacuum evapo- 
ration for the sensing needle 406. Then, the layer 405 of 
the sensing needle 406 is patterned by photolithogra- 
phy and etching to actually produce a sensing needle 
406 as shown in FIG. 8E. 

[0059] FIGS. 9A through 9F schematic illustrate steps 
of bonding the sensing needle onto the cantilever under 
pressure and producing a finished cantilever. 
[0060] Firstly, as shown in FIG. 9A, the sensing needle 
406 was aligned with the bonding layer 313 on the can- 
tilever, placed vis-a-vis and held in contact with the lat- 
ter. Then, the sensing needle 406 was bonded to the 
bonding layer 313 by applying a load on them. Then, as 
shown in FIG. 9B, the two substrates (301, 401) were 
pulled away from each other to separate the peeling 
layer 404 and the sensing needle 406 along the inter- 
face thereof. 

[0061] Subsequently, as shown in FIG. 9C, a polyim- 
ide layer was formed on the entire surface by applying 
polyimide by means of a spin coating technique and 
baked to produce a surface protection layer 501 . Then, 
as shown in FIG. 9D, the substrate 301 was etched from 
the rear surface by means of a 30% aqueous solution of 
potassium hydroxide heated to 90°C, using the silicon 
nitride layer 314 on the rear surface as etching mask. 
Thereafter, the Si0 2 thin film 302 was removed by 
means of an aqueous solution of a mixture of hydrofluo- 
ric acid and ammonium fluoride. 
[0062] Finally, as shown in 9E, a cantilever type probe 
was prepared by removing the surface protection layer 
501 by means of oxygen plasma. FIG. 9F shows a cross 
sectional view of the cantilever including the FET sec- 
tion (as taken along line 5-5 in FIG. 4). 
[0063] A reproduction apparatus having a configura- 
tion as described above was prepared by using the 
above cantilever type probe to find that it could repro- 
duce highly densely recorded information at high speed 
with a bit detection sensitivity significantly improved 
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from the conventional sensitivity level. 
[Example 2] 

[0064] In this example, a metal pillar made to grow by s 
irradiating a cantilever with an electron beam at a point 
of the front end thereof in an atmosphere containing a 
metal complex was used for the sensing needle of the 
cantilever. 

[0065] FIG. 10 is a schematic perspective view of a 10 
front end portion of the cantilever prepared in this exam- 
ple. Referring to FIG. 1 0, there are shown a 5jim thick p- 
type Si single crystal thin film 601 . a 1 jim thick Si0 2 thin 
film 602 and an Si crystal substrate 603 with a plane 
bearing of plane (100). The Si substrate 603 is 0.5mm 15 
thick. The p-type Si single crystal thin film 601 is partly 
projecting from the Si substrate 603 to operate as canti- 
lever main body 609. The upper surface of the cantilever 
main body 609 is covered by an Si0 2 thin film. A pillar- 
shaped sensing needle 611, a seat 610 and an elec- 20 
trode 606 connected to the seat 610 are arranged on 
the front end of the cantilever main body 609. The sens- 
ing needle 61 1 , the seat 610 and the electrode 606 are 
made of gold (Au). The gate electrode 606 is provided 
at the opposite lateral sides thereof with respective win- 2s 
dows formed by removing the Si0 2 thin film and n-type 
Si regions 607, 608 were respectively formed in the win- 
dows. Aluminum electrodes 604, 605 are fitted respec- 
tively to the n-type Si regions 607, 608. Thus, a field 
effect transistor (FET) is formed at and near the front 30 
end of the cantilever main body 609, where the sensing 
needle 611, the seat 610 and the gate electrode 606 
operate as gate while n-type Si regions 607, 608 oper- 
ate respectively as drain and source. 
[0066] FIGS. 1 1 A through 1 1 G illustrate the operation 35 
of forming a sensing needle, bonding it to a cantilever 
under pressure and finishing the cantilever by etching 
from the rear surface thereof. This operation constitutes 
part of the process of manufacturing a cantilever having 
a configuration as that of the cantilever prepared in this 40 
example. A FET and a bonding layer 313 were formed in 
the cantilever of this example as in Example 1 . 
[0067] Firstly as shown in FIG. 1 1 A, a thermal oxide 
film was formed as protection layer 702 on an Si single 
crystal substrate 401 with a plane bearing of plane 45 
(100). Then, the protection layer 702 was removed in a 
desired area thereof by a patterning operation using 
photolithography and etching to expose a 6p,m square 
area of the silicon substrate. Then, the silicon of the pat- 
terned area was etched out by means of etching that is so 
anisotropic relative to the crystaliographic axis, using an 
aqueous solution of potassium hydroxide. More specifi- 
cally, a 30% aqueous solution of potassium hydroxide 
was used with solution temperature of 90°C and the 
duration of the etching operation was 15 minutes. As a ss 
result of the crystal axis anisotropic etching, a recess 
703 showing a frustum-shaped cross section and sur- 
rounded by four planes, each being equivalent to plane 



(111). The etching time was so regulated as to produce 
a square bottom with a side of 2 to 0.5fim for the recess 
703. 

[0068] Then, the thermal oxide film of the protection 
layer 702 was removed by means of an aqueous solu- 
tion of a mixture of hydrofluoric acid and ammonium flu- 
oride (HF:NH 4 F=1 :5). Thereafter, the substrate 701 was 
washed with a mixture solution of sulfuric acid and 
hydrogen peroxide heated to 120°C and a 2% aqueous 
solution of hydrofluoric acid. Then, as shown in FIG. 
1 1B, the substrate 701 was heated in an atmosphere of 
oxygen and hydrogen to 1 ,000°C in an oxidizing furnace 
to deposit silicon dioxide by 400nm for a peeling layer 
704. 

[0069] Subsequently, a sensing needle 706 was 
formed there. Firstly, a gold Au film was formed to a 
thickness of 300nm by vacuum evaporation for the 
sensing needle 706. Then, the material of the sensing 
needle 706 is patterned by photolithography and etch- 
ing to actually produce a sensing needle 706 as shown 
in FIG. 11C. 

[0070] Then, as shown in FIG. 1 1 D, the sensing nee- 
dle 706 was aligned with the bonding layer 313 on the 
cantilever, placed vis-a-vis and held in contact with the 
latter. Then, the sensing needle 706 was bonded to the 
bonding layer 313 by applying a load on them. Then, as 
shown in FIG. 11E, the two substrates (301, 701) were 
pulled away from each other to separate the peeling 
layer 704 and the sensing needle 706 along the inter- 
face thereof. 

[0071 ] Subsequently, a polyimide layer was formed on 
the entire surface by applying polyimide by means of a 
spin coating technique and baked to produce a surface 
protection layer. Then, as shown in FIG. 1 1F, the sub- 
strate 701 was etched from the rear surface by means 
of a 30% aqueous solution of potassium hydroxide 
heated to 90°C, using the silicon nitride layer 31 4 on the 
rear surface as etching mask. Thereafter, the SKD 2 thin 
film 302 was removed by means of an aqueous solution 
of a mixture of hydrofluoric acid and ammonium fluo- 
ride. Finally, a cantilever type probe was prepared by 
removing the surface protection layer by means of oxy- 
gen plasma. FIG. 1 1G shows a cross sectional view of 
the cantilever including the FET section (as taken along 
line 5-5 in FIG. 4). 

[0072] FIG. 12 is a schematic perspective view of the 
sensing needle of this example, showing how a pillar- 
shaped S/N is formed on an Au seat. The idea underly- 
ing this operation is described in Kam. L. Lee, David W. 
Abraham, F. Secord and L. Landstein, J. Vac. Sa\ Tech- 
nol. B9, 3562 (1991). Firstly, a cantilever main body car- 
rying a seat is placed in a vacuum chamber and 
exposed to an organic metal complex gas. More specif- 
ically, dimethyl-gold trifluoroaxety lacetonate complex 
gas showing a pressure level between tens of several 
mTorr to lOOmTorr is used. Then, the seat is irradiated 
with an electron beam accelerated to tens of several key 
to 100keV at the center thereof. The electron beam is 
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converged to an area having a diameter of tens of sev- 
eral number and an electric current of tens of several pA 
to 100pA is used. A cylindrical Au pillar with a diameter 
of 0.2|im and a height of 1 to 4jim is produced when the 
duration of irradiation of the electron beam is between 
100s and 300s. The cylindrical pillar has a conical front 
end. FIG. 13 shows how an Au pillar is formed on an Au 
seat 120. Molecules 122 of the organic Au complex 
(dimethyl-gold trifluoroaxety lacetonate complex) mole- 
cules 122 are adsorbed to the Au seat 120. Molecules 
122 of the organic Au complex are decomposed to 
deposit Au atoms 121 in the area irradiated with the 
electron beam as a result of collisions of electrons. As a 
result, an Au pillar is allowed to grow. 
[0073] A reproduction apparatus having a configura- 
tion as described above was prepared by using the 
above cantilever type probe to find that it could repro- 
duce highly densely recorded information at high speed 
with a bit detection sensitivity significantly improved 
from the conventional sensitivity level. 
[0074] With either of the information reproduction 
probes prepared in Examples 1 and 2, since the field 
effect transistor is arranged very dose to the electroco- 
ductive sensing needle and the sensing needle is held 
in contact with the gate electrode of the transistor, a 
binary signal corresponding to the recorded information 
can be output as reproduction signal by modulating the 
gate voltage of the field effect transistor by way of poten- 
tial change or dielectric polarization of the electrocoduc- 
tive sensing needle. Additionally, the wire connecting 
the sensing needle and the detection circuit can be 
made ideally short to minimize the stray capacitance 
therebetween so that the information densely recorded 
on the recording medium can be reproduced at high 
speed without reducing the bandwidth of the detection 
circuit. 

[0075] If a method of bonding a metal thin film formed 
in a recess of a silicon single crystal substrate by way of 
a peeling layer on the metal bonding layer of an elastic 
body under pressure to transfer the prof ie of the recess 
is used, the step of forming a field effect transistor on 
the elastic body and that of forming a sensing needle 
are made independent relative to each other to broaden 
the freedom of designing the arrangement of placing the 
field effect transistor on the elastic body and that of 
forming the field effect transistor. 
[0076] Additionally, the information reproduction 
probes prepared in Examples 1 and 2 can be used to 
reproduce information recorded on a recording medium 
as a local change of electric conductivity or information 
recorded on a recording medium in the form of a stored 
electric charge or as a result of polarizing the medium. 
Then, the densely recorded information can be repro- 
duced at high speed. 

[0077] Now, another mode of carrying out the inven- 
tion will be discussed below. In both Examples 1 and 2, 
an electrocoductive sensing needle is electrically con- 
nected to the gate electrode of a field effect transistor. 



Under this condition, the sensing needle is in a floating 
state and hence no voltage can be applied to the 
recording medium to record information thereon. In view 
of this inconvenience, a second transistor is formed on 

5 the cantilever so that a voltage may be applied to the 
electrocoductive sensing needle in the mode of carrying 
out the invention as described below. Then, a probe 
having a second transistor formed on the cantilever can 
be used not only to reproduce information from a 

w recording medium but also to record information on a 
recording medium by applying a recording voltage to 
the sensing needle. 

[0078] With the above arrangement, if the second field 
effect transistor is OFF, the resistance between the 

is drain and the source of the second field effect transistor 
is very high and hence the sensing needle is practically 
held to a floating state. Thus, an OFF state of the sec- 
ond field effect transistor corresponds to the above 
described embodiments adapted to reproduce informa- 

20 tion. 

[0079] When reproducing a recorcOng bit recorded on 
a recording medium as a local change in the electric 
conductivity, the presence or absence of a recording bit 
is converted into a difference in the electric potential of 
25 the electrocoductive sensing needle and the channel 
between the drain and the source of the field effect tran- 
sistor is turned ON/OFF or the channel resistance is 
modulated depending on the difference in the gate volt- 
age of the transistor so as to output a binary signal cor- 
se responding to the recorded information. With this 
arrangement, the bit can be detected with a high degree 
of contrast if the total electric charge flowing into the 
sensing needle is reduced. Additionally, since the field 
effect transistor is arranged very close to the electroco- 
35 ductive sensing needle and the sensing needle is held 
in direct contact with the gate of the transistor, the wire 
connecting the sensing needle and the detection circuit 
is made ideally short to minimize the stray capacitance 
therebetween so that the information densely recorded 
40 on the recording medium can be reproduced at high 
speed without reducing the bandwidth of the detection 
circuit. 

[0080] On the other hand, when information is 
recorded by storing locally an electric charge on a 

45 recording medium or by locally inverting the spontane- 
ous polarization of the recording medium that is made 
of a ferroelectric thin film, the presence or absence of a 
recording bit, or the presence or absence of a stored 
electric charge or the difference in the orientation of 

so polarization, is converted into a difference in the electric 
potential of the electrocoductive sensing needle or a dif- 
ference in the orientation of dielectric polarization in the 
electrocoductive sensing needle and the channel 
between the drain and the source of the field effect tran- 

55 sistor is turned ON/OFF or the channel resistance is 
modulated depending on the difference in the gate volt- 
age of the transistor so as to output a binary signal cor- 
responding to the recorded information. As a result, a 
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simple detection system can be used if compared with 
an arrangement for detecting a change in the electro- 
static capacitance or a displacement of the recording 
medium due to a piezoelectric effect. Additionally, 
according to the present invention, it is possible to 5 
reproduce information at high speed because no modu- 
lation is required. Still additionally, since the field effect 
transistor is arranged very close to the electrocoductive 
sensing needle and the sensing needle is held in direct 
contact with the gate of the transistor, the wire connect- w 
tng the sensing needle and the detection circuit is made 
ideally short to minimize the stray capacitance therebe- 
tween so that the information densely recorded on the 
recording medium can be reproduced at high speed 
without reducing the bandwidth of the detection circuit. 15 
[0081 ] If the second field effect transistor is ON on the 
other hand, the resistance between the drain and the 
source of the second field effect transistor becomes 
very low so that the electrocoductive sensing needle 
can be connected to an external circuit Thus, an ON 20 
state of the second field effect transistor is adapted to 
record information. Therefore, an voltage can be 
applied to the second field effect transistor to record 
information by connecting the drain of the second field 
effect transistor to a voltage application means. In either 25 
case, while a field effect transistor to be used for the 
purpose of signal detection takes an area of more than 
Ijim 2 according to any known device forming process, 
the metal-made sensing needle is held in direct contact 
with the gate of the transistor so that the spatial resolu- 30 
tion of the microscope is dominated by the profile of the 
tip of the sensing needle and a high spatial resolution of 
the order of nanometers is realized. 
[0082] If a method of bonding a metal thin film formed 
in a recess of a silicon single crystal substrate by way of 35 
a peeling layer on the metal bonding layer of an elastic 
body under pressure to transfer the profile of the recess 
is used, the step of forming a field effect transistor on 
the elastic body and that of forming a sensing needle 
are made independent relative to each other to broaden 40 
the freedom of designing the arrangement of placing the 
field effect transistor on the elastic body and that of 
forming the field effect transistor. 
[0083] Now, the above described mode of carrying out 
the present invention will be discussed by way of an 45 
example. 

[Example 3] 

[0084] FIG. 14 is a schematic circuit diagram of the so 
recording/reproduction probe of Example 3 that opti- 
mally shows the characteristics of this mode of carrying 
out the invention. 

[0085] Referring to FIG. 14, recording medium 20 
comprises an electrocoductive substrate 22 and a 55 
recording layer 21 formed thereon and the electroco- 
ductive substrate 22 is connected to a switch mecha- 
nism SW2. A sensing needle electrode 1 1 is supported 



by an elastic body (not shown) and a pair of field effect 
transistors T1 , T2 are arranged on the elastic body and 
near the sensing needle. The sensing needle is con- 
nected to the gate G1 of the field effect transistor T1 
and, at the same time, to the drain D2 of the field effect 
transistor T2. The source S1 of the field effect transistor 
T1 is connected to the source S2 of the field effect tran- 
sistor T2 and, at the same time, to another switch mech- 
anism SW1. 

[0086] For the operation of reproducing information, a 
control voltage is applied to the gate G2 to turn OFF the 
channel between the drain (D2) and the source (S2) of 
the field effect transistor T2 and hold the gate G1 of the 
T1 and hence the sensing needle 1 1 in a floating state. 
Additionally, the sources S1 , S2 are grounded by way of 
the switch mechanism SW1 and the electrocoductive 
substrate 22 is connected to a bias voltage application 
means so that an information reproduction bias voltage 
may be applied to the electrocoductive substrate 22. 
The potential of the sensing needle electrode is 
changed depending on the presence or absence of a 
recording bit recorded on the recording layer 21 and the 
channel between the drain (D1) and the source (S1) of 
T1 is turned ON/OFF or the channel resistance is mod- 
ulated to output a binary signal that corresponds to the 
recorded information as a function of the change in the 
potential of the gate G1 of the field effect transistor T1 . 
[0087] For the operation of recording information, a 
control voltage is applied to the gate G2 to turn ON the 
channel between the drain (D2) and the source (S2) of 
the field effect transistor 72 and the electrocoductive 
substrate is grounded by way of the switch mechanism 
SW2. Additionally, the sources S1 and S2 are con- 
nected to a recording voltage application means by way 
of the switch mechanism SW1 and a recording voltage 
is applied to the sensing needle 1 1 by way of the T2 to 
record information on the recording layer 21 . 
[0088] When information is recorded on the recording 
medium 20 as a local change in the electric conductivity, 
the electric potential of the sensing needle 1 1 changes 
as a function of the local difference of electric conductiv- 
ity so long as a bias voltage is applied to the connection 
substrate 22 to change the electric potential of the gate 
G1 of the T1 to turn ON/OFF the channel between the 
drain (D1) and the source (S1) of the T1 or modulate the 
channel resistance so as to output a binary signal corre- 
sponding to the recorded information. 
[0089] When, on the other hand, information is 
recorded by locally inverting the spontaneous polariza- 
tion of the recording medium that is made of a ferroelec- 
tric thin film, the presence or absence of a recording bit, 
or the presence or absence of a stored electric charge 
or the difference in the orientation of polarization is con- 
verted into a difference in the electric potential of the 
electrocoductive sensing needle 1 1 or a difference in 
the orientation of dielectric polarization in the electroco- 
ductive sensing needle 11, which conversion the gate 
voltage in the vicinity of the threshold value V T is f luctu- 
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ated by, and the channel between the drain and the 
source of the field effect transistor is turned ON/OFF or 
the channel resistance is modulated depending on the 
difference in the gate voltage of the transistor so as to 
output a binary signal corresponding to the recorded 5 
information. 

[0090] The information reproduction bias voltage 
applied to the electrocoductive substrate 22 is so regu- 
lated that the electric potential of the sensing needle 1 1 
moves to above or below the threshold level for turning 10 
ON/OFF the channel between the drain and the source 
of the T1 depending on the presence or absence of a 
recording bit. So long as such an arrangement is possi- 
ble, any field effect transistor may be used for this mode 
of carrying out the invention regardless if the type of the is 
transistor is the n-type or the p-type and if it is the 
enhancement type or the depletion type. 
[0091] FIG. 15 is a schematic illustration of a record- 
ing/reproduction apparatus realized by using a record- 
ing/reproduction probe as shown in FIG. 14. 20 
[0092] A plurality of probes 1 0 are arranged in such a 
way that their respective sensing needles 1 1 arranged 
at the front ends thereof contact a recording medium 20 
comprising an electrocoductive substrate 21 and a 
recording layer 22. The sensing needle 1 1 of each of the 2s 
probes 10 is supported by a cantilever 12 of an elastic 
body that is elastically deformed or deflected. The 
probes are supported by a common support 31 as inte- 
gral parts thereof. If the elastic constant of the deflecting 
cantilever 12 is about 0.1 [N/m] and its elastic deforma- 30 
tion is about 1 Qim], the contact force of the sensing nee- 
dle relative to the recording medium will be about 10' 
7 [N]. 

[0093] When operating a recording/reproduction 
apparatus having a configuration as described above, 35 
an xyz stage 33 fitted to the recording medium 20 is 
driven by an xyz drive mechanism 32 according to a 
position control signal from a position control circuit 42 
that is held under control of a control computer 41 so 
that the probes 10 and the recording medium 20 are 40 
three-dimensionally moved relative to each other. The 
positions of the probes 10 are directionally regulated in 
the xy-direction and the z-direction so that tips of their 
sensing needles 1 1 contact the surface of the recording 
medium 20 at desired respective positions with desired 45 
respective levels of contact force. 
[0094] When the probes 1 0 of a reproduction appara- 
tus having a configuration as described above are 
driven to scan the recording medium 20, the tips of the 
sensing needles 1 1 of the respective probes 1 0 are con- so 
stantly held in contact with the recording medium 20. 
With this contact scanning system of scanning the 
recording medium 20 by means of the sensing needles 
11 whose tips are constantly held in contact with the 
recording medium 20, the undulations, if any, of the sur- 55 
face of the recording medium 20 are absorbed by elastic 
deformations of the cantilevers 12 so that the contact 
force between the tips of the sensing needles 11 and 



the surface of the recording medium 20 is substantially 
held to a constant level and hence the tips of the sens- 
ing needles 1 1 would not damage the surface of the 
recording medium 20. This system is simple because it 
does not require the use of piezoelectric elements for 
aligning individual probes in the z-direction and hence it 
is particularly adapted to an apparatus comprising a rel- 
atively large number of probes. Additionally, the probes 
10 can be made to scan the recording medium 20 at 
high speed because they do not require a feedback con- 
trol mechanism for controlling them in the z-direction 
relative to the recording medium 20. 
[0095] The recording layer 21 of the recording medium 
to be used with an apparatus as shown in FIG. 15 may 
be made of a material same as that of the recording 
layer 1002 of FIG. 3 as described earlier. 
[0096] The bit recorded on the recording medium is 
reproduced by the above apparatus in a manner as 
described below. A voltage is applied to the gate G2 of 
the T2 of each of the probes 10 by means of a switch 
control circuit 46 to keep the channel between the drain 
and the source of the T2 in an OFF state. Then, the 
switch mechanism (SW2) 48 is turned to the reproduc- 
tion bias application side by means of the switch control 
circuit 46 to apply a bias voltage between the source (S: 
S1 and S2) of each of the probes and the recording 
medium 20 to modulate the gate voltage above or below 
a threshold level depending on the presence or absence 
of a recording bit. Additionally, the switch mechanism 
(SW1) 47 is turned to the grounding side by means of 
the witch control circuit 46. Then, voltage V D is applied 
to the drain D1 of each of the probes 10 by way of the 
resistor. The ON/OFF state of the channel between the 
drain and source of each of the probes 10 produced by 
the gate voltage modulated depending on the presence 
or absence of a recording bit is then converted into a 
voltage change, which is then output to the reproduction 
control circuit 43. The reproduction control circuit 43 
forms a reproduction signal on the basis of the obtained 
voltage signals and output it to the control computer 41 . 
[0097] Information is recorded on the recording 
medium by means of the above recording/reproduction 
apparatus in a manner as described below. A voltage is 
applied to the gate G2 of the T2 of each of the probes 10 
by means of a switch control circuit 46 to keep the chan- 
nel between the drain and the source of the 12 in an ON 
state. Then, the switch mechanism (SW2) 48 is turned 
to the grounding side by means of the switch control cir- 
cuit 46. Then, the switch mechanism (SW1) 47 is turned 
to the recording voltage application side by means of 
the switch control circuit 46. The recording voltage 
application circuit 44 applies a recording voltage 
between the source (S1 and S2) of each of the probes 
and the recording medium 20 produce a recording bit 
according to the output signal of the control computer 
41. 

[0098] Note that the switch mechanisms 47, 48 may 
be integrally prepared in the form of so may FET 
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switches on the support 31 with the probes. Additionally, 
the wires leading to the probes including the drain resis- 
tors (49 in FIG 15). the switch control circuit, the bias 
voltage application circuit, the recording voltage appli- 
cation circuit and the reproduction voltage application 5 
circuit may also be integrally formed on the support 31 . 
While the above described recording/reproduction cir- 
cuit comprises a plurality of probes, it may alternatively 
made to comprise a single probe. 

[0099] FIGS. 1 6A and 1 6B schematically illustrate the w 
entire profile of the cantilever type recording/reproduc- 
tion probes of Example 3. FIG. 16A is a schematic plan 
view and FIG. 1 6B is a schematic lateral cross sectional 
view. 

[0100] Referring to FIGS. 16A and 16B. there are is 
shown a 5|im thick p-type Si single crystal thin film 
(plane bearing of plane (100)) 1101, a 1|im thick S1O2 
thin film 1 102 and a 0.5mm thick Si single crystal sub- 
strate 1 103 with a plane bearing of plane (100). The p- 
type Si single crystal thin film 1 101 is partly projecting 20 
from the Si substrate 1 103 to operate as cantilever main 
body 1104. The upper surface of the cantilever main 
body 11 04 is covered by an SiOg thin film 1 105. Dimen- 
sions of a length of L=800nm, a width of W=200^im and 
a height of d=5|im were selected for the cantilever main 25 
body 1104. As a result a cantilever showing an elastic 
constant of about 1 .7[N/m] for deflection was obtained. 
[01 01 ] FIG. 1 7 is a schematic perspective view of the 
front end of the cantilever. FIG. 18A is a cross sectional 
view taken along line 18A-18A in FIG. 17 and FIG. 18B 30 
is a cross sectional view taken along line 18B-18B in 
FIG. 1 7. A pyramid-shaped sensing needle 1110 and an 
electrode 1111 connected to the sensing needle 1110 
are arranged on the front end of the cantilever main 
body 1 104. The gate electrode 1111 is provided at the 35 
opposite lateral sides thereof with respective windows 
formed by removing the Si0 2 thin film and n-type Si 
regions 1 1 12, 1 1 13 are respectively formed in the win- 
dows. Aluminum (AJ) electrodes 1116, 1117 are fitted 
respectively to the n-type Si regions 1112, 1113. Addi- 40 
tionally, another pair of windows are formed by remov- 
ing the SiC>2 thin film 1 105 and n-type Si regions 1114, 
1115 are respectively formed in the windows. The A! 
electrode 1 1 1 7 is also fitted to the n-type Si region 1115 
and the electrode fitted to the n-type Si region 1 1 1 4 is 45 
connected to the electrode 1111. Thus, a field effect 
transistor (FET) is formed at and near the front end of 
the cantilever main body 1104, where the n-type Si 
regions 1 1 12, 1 1 14 operate as drain and the n-type Si 
regions 1113, 1115 operate as source, while the elec- so 
trode 1111 formed on the Si0 2 thin film 1 105 between 
the n-type Si regions 1112, 1113 operates as gate for 
them. The electrode 1111 is further connected to the 
sensing needle 1 1 1 0. An Al gate electrode 1 1 1 8 is fitted 
onto the Si0 2 thin film 1105 between the n-type Si 55 
regions 1 1 14, 1 1 15 and connected to an Al leading out 
electrode 1119. 

[0102] Now, the method of preparing the cantilever 



used in this example will be described by referring to 
FIGS. 19A through 19G. Firstly, an SOI (silicon on insu- 
lator) substrate formed by sequentially laying a 0.5mm 
thick Si crystal substrate 1103 with a plane bearing of 
plane (100), a 1|im thick Si0 2 thin film 1102 operating 
as insulation layer and a 5jim thick Si single crystal thin 
film 1101 is prepared. In this example, the Si single 
crystal thin film 1 1 01 is a p-type Si single crystal thin film 
doped with boron (B) atoms as impurity. Note that the 
cross sectional views of FIG. 19A through 19G are 
taken along line 18A-18A in FIG. 17. 
[0103] Firstly as shown in FIG. 19B, Si0 2 thin films 
1 105, 1 1 06 are formed on the upper and lower surfaces 
of the SOI substrate by thermal oxidation. Then, as 
shown in FIG. 19C, window areas are formed in the 
SiOa thin film 1105 by means of photolithography and 
etching and phosphor (P) atoms are introduced as 
impurity by means of ion implantation. P atoms are 
accelerated by 50 to 100keV and the windows are 
exposed to a dose (the number of ion atoms implanted 
by 1cm 2 of the surface of the semiconductor) of about 
10 13 cnV 2 . Then, the windows are heat treated (at 600 
to 700°C for 30 minutes) to heal the damage to the crys- 
tal lattice. As a result, n-type Si regions 1 1 12, 1 1 13 are 
produced. 

[0104] Then, aluminum is deposited on the SK3 2 thin 
film 1 1 05 and the n-type Si regions 1 1 12, 1 1 13 by evap- 
oration to produce an Al thin fflm 1501. Then, a resist 
layer is formed and patterned by photolithography to 
produce resist patterns 1502, 1503, 1504 that corre- 
spond to respective electrode patterns as shown in FIG. 
19D. 

[0105] Then, the area of the aluminum thin film 1501 
not covered by the resist layer is etched out and then the 
resist patterns 1502, 1503, 1054 are removed. Thus, 
aluminum electrodes 1111, 1116, 1117 as shown in 
FIG. 19E are produced. With the above steps, the n- 
type Si regions 1 1 14, 1 1 15, the Al electrodes covering 
them, the gate electrode 1118 and the leading out elec- 
trode 1 1 19 are formed at the same time. 
[0106] Subsequently, as shown in FIG. 19F, a 0.5pm 
thick silicon nitride film 1505 is formed on the rear sur- 
face of the Si substrate 1 103. Thereafter, a resist layer 
1506 is formed as pattern for the cantilever main body 
by photolithography and the Si single crystal thin film 
1101 is etched to form a pattern corresponding to the 
profile of the cantilever by dry-etching. Then, as shown 
in FIG. 19G, the silicon nitride film 1505 and the Si\0 2 
thin film 1105 on the rear surface are also etched to 
form a pattern to be used as etching mask. 
[01 07] FIGS. 20A through 20E schematically illustrate 
steps of forming a sensing needle to be fitted to the can- 
tilever of this example. 

[0108] Firstly as shown in FIG. 20A, a thermal oxide 
film was formed as protection layer 1 602 on an Si single 
crystal substrate 1601 with a plane bearing of plane 
(1 00). Then, the protection layer 1 602 was removed in a 
desired area thereof by a patterning operation using 
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photolithography and etching to expose a 6jim square 
area of the silicon substrate. Then, the silicon of the pat- 
terned area was etched out by means of etching that is 
anisotropic relative to the crystal lographic axis, using an 
aqueous solution of potassium hydroxide. More specif i- 5 
cally. a 30% aqueous solution of potassium hydroxide 
was used with solution temperature of 90°C and the 
duration of the etching operation was 15 minutes. As a 
result, an inverted-pyramid-shaped recess 1603 sur- 
rounded by four planes, each being equivalent to plane 
(111), and having a depth of about 4jim was produced. 
[0109] Then, as shown in FIG. 20B the thermal oxide 
film of the protection layer 1 602 was removed by means 
of an aqueous solution of a mixture of hydrofluoric acid 
and ammonium fluoride (HF:NH 4 F=1 :5). Thereafter, the 
substrate 1601 was washed with a mixture solution of 
sulfuric acid and hydrogen peroxide heated to 120°C 
and a 2% aqueous solution of hydrofluoric acid. Then, 
the substrate 1601 was heated in an atmosphere of oxy- 
gen and hydrogen to 1 ,000°C in an oxidizing furnace to 
deposit silicon dioxide by 400nm for a peeling layer 
1604 as shown in FIG. 20C. 

[0110] Subsequently, a sensing needle 1110 was 
formed there. Firstly, as shown in FIG. 20 D, a gold Au 
film was formed to a thickness of 300nm by vacuum 
evaporation for the sensing needle 1110. Then, the 
material 1605 of the sensing needle 1110 is patterned 
by photolithography and etching to actually produce a 
sensing needle 1 1 10 as shown in FIG. 20E. 
[0111] FIGS. 21A through 21F schematic illustrate 
steps of bonding the sensing needle 1110 onto the can- 
tilever main body 1 104 under pressure and producing a 
finished cantilever. Note that the cross sectional views 
of FIG. 21 A through 21 F are taken along tine 21-21 
intersecting the sensing needle in FIG. 17. Firstly, as 
shown in FIG. 21 A, a titanium Ti film and a gold Au film 
are formed to respective thicknesses of 3nm and 50nm 
and then patterned by means of photolithography and 
etching to produce a bonding layer 1 120. 
[01 1 2] Then, as shown in FIG. 21 B, the sensing nee- 
dle 1 1 10 was aligned with the bonding layer 1 120 on the 
cantilever, placed vis-a-vis and held in contact with the 
latter. Then, the sensing needle 1110 was bonded to the 
bonding layer 1120 by applying a load on them. Then, 
as shown in FIG. 21C. the two substrates (103, 601) 
were pulled away from each other to separate the peel- 
ing layer 1604 and the sensing needle 1110 along the 
interface thereof. 

[0113] Subsequently, as shown in FIG. 21 D, a polyim- 
ide layer was formed on the entire surface by applying 
polyimide by means of a spin coating technique and 
baked to produce a surface protection layer 1 701 . Then, 
as shown in FIG. 21 E, the substrate 1103 was etched 
from the rear surface by means of a 30% aqueous solu- 
tion of potassium hydroxide heated to 90°C, using the 
silicon nitride layer 1505 on the rear surface as etching 
mask. Thereafter, the Si0 2 thin film 1 102 was removed 
by means of an aqueous solution of a mixture of 



hydrofluoric acid and ammonium fluoride. 
[0114] Finally, as shown in 21 F, a cantilever type 
probe was prepared by removing the surface protection 
layer 1701 by means of oxygen plasma. 
[01 1 5] A reproduction apparatus having a configura- 
tion as described above was prepared by using the 
above cantilever type probe to find that it could form a 
fine bit pattern by applying a voltage. Additionally, it 
could reproduce highly densely recorded information at 
high speed with a bit detection sensitivity significantly 
improved from the conventional sensitivity level. 
[01 1 6] As described above, with the recording/repro- 
duction probe of Example 3, where a field effect transis- 
tor is formed at and near the pole of the sensing needle 
arranged on an elastic body supporting the electroco- 
ductive sensing needle and the sensing needle is con- 
nected to the gate of the field effect transistor, the gate 
voltage of the field effect transistor is modulated as a 
function of the change in the electric potential of the 
sensing needle in order to output a binary signal 
according to the recorded information. 
[01 1 7] Additionally, since another field effect transistor 
is arranged apart from the above field effect transistor 
having its gate electrode connected to the sensing nee- 
dle, a recording voltage can be applied to the electroco- 
ductive sensing needle by way of the second field effect 
transistor and hence the same sensing needle can be 
shared by the two field effect transistors to apply a volt- 
age. Then, a fine recording bit can be formed on the 
recording medium by applying a voltage to the sensing 
needle. 

[Q1 18] As described above, with a recording/repro- 
duction probe having a configuration as described 
above by referring to Example 3, information can be 
recorded on a recording medium by applying a voltage 
by way of the sensing needle. In other words, it is possi- 
ble to record information by utilizing a local change in 
the electric conductivity, storage of an electric charge in 
the recording medium or inversion of polarization of the 
recording medium. 

[0119] Additionally, it is possible to use the same 
recording/reproduction probe in order to reproduce 
information recorded by utilizing a local change in the 
electric conductivity, storage of an electric charge in the 
recording medium or inversion of polarization of the 
recording medium so that information densely recorded 
on a recording medium can be reproduced at high 
speed. 

[0120] Furthermore, if a method of bonding a metal 
thin film formed in a recess of a silicon single crystal 
substrate by way of a peeling layer on the metal bonding 
layer of an elastic body under pressure to transfer the 
profile of the recess is used, the step of forming a field 
effect transistor on the elastic body and that of forming 
a sensing needle are made independent relative to 
each other to broaden the freedom of designing the 
arrangement of placing the field effect transistor on the 
elastic body and that of forming the field effect transis- 
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tor. 

Claims 

1- A probe comprising a cantilever (201; 109; 609; 5 
1104) having a movable end and formed from an 
elastic body, an electrocoductive sensing needle 
(203; 1 10; 61 1 ; 1 1 10) arranged at the movable end 
of said cantilever and a field effect transistor (106; 
606; 1111) having a gate electrode electrically con- 10 
nected to said electrocoductive sensing needle, 
characterized in that: 



2. A 



3. A 



formed on the semiconductor layer with a gate 
insulation layer (202; 112; 1105) interposed 
therebetween. 

4. A probe according to claim 2 or 3, wherein 35 

said substrate is an SOI substrate formed by 
laying a single crystal silicon thin film (303; 
1 101) on an insulation layer (302; 1 102). 

40 

5. A probe according to any of claims 1 through 4, fur- 
ther comprising another field effect transistor 
formed on said cantilever (1104) and having its 
drain (1114) electrically connected to said electroc- 
oductive sensing needle. 45 

6. An information recording/reproduction apparatus 
adapted to record information on a recording 
medium (20) by causing a probe according to claim 

5 to scan the recording medium while holding it in so 
contact with the recording medium and applying a 
voltage between the recording medium and the 
electroconductive sensing needle by way of said 
another field effect transistor or reproduce informa- 
tion from a recording medium storing recorded 55 
information by causing the probe to scan the 
recording medium while holding it in contact with 
the recording medium and detecting the electric 



current flowing through said field effect transistor. 

7. An information reproduction apparatus adapted to 
reproduce information from a recording medium 
(1003) storing recorded information by causing a 
probe according to any of claims 1 through 5 to 
scan the recording medium while holding it in con- 
tact with the recording medium and detecting the 
electric current flowing through said field effect tran- 
sistor. 

8. A method of manufacturing a probe by forming a 
cantilever by processing a substrate (301 ; 1 103) at 
least having a semiconductor layer (303; 1 101) on 
the surface and forming an electrocoductive sens- 
ing needle (406; 1 1 10) on said gate electrode while 
forming a field effect transistor having a gate elec- 
trode (313; 1111) in said semiconductor layer and 
electrically connecting said electrocoductive sens- 
ing needle and said gate electrode, characterized in 
that: 

said substrate is processed to arrange said 
field effect transistor at the movable end 
thereof and said electrocoductive sensing nee- 
dle is formed on the gate electrode of the field 
effect transistor. 

9. A method of manufacturing a probe according to 
claim 8, wherein 

said semiconductor shows one conduction 
type and said field effect transistor is formed by 
forming a source region and a drain region 
(306, 307; 1 1 12, 1 1 13) showing the other con- 
duction type by introducing an impurity into part 
of said semiconductor layer, forming a gate 
insulation layer (304; 1105) on said semicon- 
ductor layer and forming a gate electrode (313; 
1 1 1 1) on said gate insulation layer. 

10. A method of manufacturing a probe according to 
claim 8 or 9, wherein 

said electrocoductive sensing needle is formed 
by forming an electrocoductive material layer 
(405; 1 605) on the surface of another substrate 
(401; 1601) having a recess (403; 1603) ther- 
eon, forming an electrocoductive sensing nee- 
dle (406; 1110) by patterning said 
electrocoductive material layer and transferring 
the electrocoductive sensing needle formed on 
said another substrate onto the gate electrode 
(313; 1 1 1 1) of said substrate. 

11. A method of manufacturing a probe according to 
claim 8 or 9, wherein 



said field effect transistor is arranged at the 
movable end of the cantilever. 15 

probe according to claim 1 , wherein 

said cantilever is formed from a substrate hav- 
ing a semiconductor layer at least on the sur- 20 
face thereof. 

probe according to claim 2, wherein 

said semiconductor layer shows one conduc- 25 
tion type and said field effect transistor has a 
source region and a drain region (204, 205; 
107, 108; 607, 608, 1 1 13, 1 1 12) formed on part 
of said semiconductor layer and showing the 
other conduction type and a gate electrode 30 
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said electrocoductlve sensing needle is formed 
by arranging said substrate carrying said field 
effect transistor formed thereon in an atmos- 
phere of an organic metal complex and causing 
a metal pillar to grow by irradiating said gate 5 
electrode with an electron beam. 

12. A method of manufacturing a probe according to 
any of claims 8 through 11, wherein 

10 

said substrate is an SOI substrate formed by 
laying a single crystal silicon thin film (303; 
1 101) on an insulation layer (302; 1 102). 

13. A method of manufacturing a probe according to 75 
any of claims 8 through 12, wherein another field 
effect transistor having its drain (1114) electrically 
connected to said electrocoductive sensing needle 

is formed on said cantilever (1 104). 
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